.
Factors contributing to leg weakness may include nutritional imbalances (Nielsen, 1973; Grondalen, 1974a, d; Reiland et al, 1978 , van der Wal et al, 1982 , skeletal lesions (Grondalen, 1974 a, c; Goedegebuure et al, 1980 a, b; van der Valk et al, 1980; Wilson, 1980; van der Wal et al, 1987) , microbial diseases (Christensen, 1953; Duthie and Lancaster, 19G4; Grondalen, 1974a; Lawrisuk et al, 1987) , and trauma (Nakano and Aherne, 1988) . In addition, it has been demonstrated repeatedly that heredity plays a significant role in the development and appearance of porcine leg weakness (Reiland et al, 1978; Bereskin, 1979; Drewry, 1979; Wilson, 1980; Webb et al, 1983; Draper et al, 1988; . Three lines of Duroc swine that differ in their degree of leg weakness were developed from a 5-generation divergent-selection experiment .
Previous research, which examined cross-sectional-area differences in muscles and bones, had suggested that selection for differing degrees of leg weakness had caused significant changes in the anatomy of these pigs (Draper et al, 1991 Weight and dimension values for various bones of the front leg are listed in table IV. There were no significant line differences in the weights of the bones of the front leg, although there was a trend (P < 0.06) for the scapula to be heavier in high-line than in low-or control-line pigs. In contrast to weight values of the bones, there were several significant line differences in bone lengths. The humerus was shorter in high-line pigs than it was in control-or low-line pigs (P < 0.05). Furthermore, the metacarpal bones were significantly shorter in high-line pigs than they were in control-or low-line pigs (P < 0.01). In addition, the ulna tended to be shorter in high-line pigs than it was in low-line pigs (P < 0.07). As for other dimensions, the width of the scapula neck was less in control-line than in low-line or high-line pigs (P < 0.05). Also, it was observed that high-line pigs had a thicker scapula than did control-or low-line pigs P < 0.01). There were several dimensions of the humerus that differed between lines. The head of the humerus was wider in high-line pigs than in low-line pigs (P < 0.05), and the angle at which the head attached to the shaft of the humerus was greater in high-line than in control-or lowline pigs (P < 0.05). With the exception of bone length, there were no differences between lines in the dimensions of the bones distal to the elbow.
DISCUSSION
Duroc pigs that genetically differed in their expression of leg weakness after five generations of selection were found to differ also in several traits of bones and muscles of the front leg. Selection of pigs with different degrees of leg weakness was associated with differences in carcass length and leanness. This increased leanness in low line pigs was previously seen by . Selection of pigs with different degrees of leg weakness was also associated with changes in length and other dimensions of some bones and differences in muscle weights and lengths.
These differences occurred in the absence of differential osteochondrosis in the lines.
The differences were not likely to have been associated with diet or management procedures in as much as all lines received the same ration and co-habited the same environment. Thus, it is reasonable to imply that the selection process for leg weakness has increased the structural differences within the front leg.
The relationship between shorter bones and leg soundness, as observed in highline pigs, has not been reported previously and was the first indication of nonpathological involvement of skeletal structures in leg wealcness. Other investigators have reported on the relationship between leg weakness and osteochondrosis in pigs, but results varied, depending on differences in front and hind legs, breed, and age (Thurley, 19G9; Grondalen, 1974 Draper et al, 1991) . Our results seem to have supported these previous findings.
The significance of the differences of bone dimensions other than length was not clear. All dimensional changes in bone, other than length, occurred in the scapula and humerus, bones located above the level of the elbow joint and proximally within the front leg. There may have been some importance to this finding in that major line differences in soft-tissue structures were found below the level of the elbow in this and other studies (Draper et al, 1988; Draper et al, 1991 (Sisson, 1975) (Draper et al, 1988) . Therefore, this muscle may have had to work harder than other forearm muscles to keep the carpal joint stabilized. Finally, because only a few specific muscles exhibited weight differences between lines, it was unlikely that there was any differential growth rate of muscles.
We hypothesize that there were probably structural differences in muscles and bones of the front leg between the three lines of pigs at the beginning of the selection experiment. These structural differences created biomechanical imbalance in the musculoskeletal structure resulting in leg weakness in low line pigs. We further hypothesize that continued selection for leg weakness for successive generations has exacerbated the structural differences between the three lines of pigs. Results from previous research showed that these differences were not related to osteochondrosis . However, there is evidence of a genetic association between increased leanness and leg weakness .
CONCLUSION
Based on the results of this study and previous investigations (Draper et al, 1988; Wang et al, 1990; Draper et al, 1991) , it can be inferred that selection for different degrees of weakness has resulted in significant changes in bone and soft tissue structures. Most changes in bone occurred above the level of the elbow whereas most soft tissue changes occurred below this level. The increases in differences in bone and muscle were the cause of leg weakness. There is much to be gained by studying the biotnechanics of locomotion and posture in the pig. Only in this way will producers know what is advantageous and thus be able to select pigs to reduce leg weakness. Musculoskeletal characteristics may need to be included in future selection criteria.
